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Kolmogorov [1] 1941 ,
$\nu$ $\langle\epsilon\rangle$ . Kolmogorov
$u_{K}=(\nu\langle\epsilon\rangle)^{1/4}$ Kolmogorov $\eta=(\nu^{3}/\langle\epsilon\rangle)^{1/4}$ , $r$ 2
$\delta u_{r}=u(x+r)-u(x)$
$\frac{\langle\delta u_{r}^{n}\rangle}{u_{K}^{n}}=F_{n}(\frac{r}{\eta})$ for $n=2,3,4,$ $\ldots$ (1)
. $\langle\cdot\rangle$ $x$ , $F_{n}$ .
Landau [2] , $\epsilon$ [3].
, Kolmogorov . .,
[3, 4, 5, 6].






. $x$ 18 $m$ ,
$3m$ , 2 $m$ . $0.04\cross 0.04m^{2}$
. 0. $20m$ . $U$ $21ms^{-1}$ . $11.8\pm 1.2^{o}C$ .
$4m$ , $U+u$ $v$
X . , 5\mbox{\boldmath $\mu$}m, 1.25 mm,
lmm, 280 $C$ . 18bit $A/D$ .
1 305-0052 (hmouri@mri-jma.go.jp)
2 610-0394 (mtakaoka@mail.doshisha.ac.ip)




$\langle u^{2}\rangle^{1/2}$ 110 $ms^{-1}$
($v^{2}\rangle^{1/2}$ 106 $ms^{-1}$
$u_{K}=(\nu\langle\epsilon\rangle)^{1/4}$ 0.103 $ms^{-1}$
$L_{u}= \int_{\ }^{\infty}\langle u(x+r)u(x)\rangle dr/\langle u^{2}\rangle$ 179 cm
$L_{v}= \int_{0}\langle v(x+r)v(x)\rangle dr/\langle v^{2}\rangle$ 469 cm
$L_{\epsilon}= \int_{0}^{\infty}\langle\epsilon(x+r)\epsilon(x)-\langle\epsilon\rangle^{2}\rangle dr/\langle\epsilon^{2}-\langle\epsilon\rangle^{2}\rangle$ 0.471 cm
$\lambda=[2\langle v^{2}\rangle/\langle(\partial_{x}v)^{2})]^{1/2}$ 0.548 cm
$\eta=(\nu^{3}/\langle\epsilon\rangle)^{1/4}$ 0.0138 cm
${\rm Re}_{\lambda}=\langle v^{2}\rangle^{1/2}\lambda/\nu$ 409




$\frac{\partial v}{\partial x}=^{8v(x+\delta x)-8v(x-\delta x)-v(x+2\delta x)+v(x-2\delta x)}\ovalbox{\tt\small REJECT}_{12\delta x}$
$\delta x=\frac{U}{h}$ . (2)
$\epsilon=15\nu(\partial_{x}v)^{2}/2$ . $15\nu(\partial_{x}u)^{2}$ ,
$\delta u_{r}$ [8].
1 \langle $\delta u_{r}^{2}$ ) $u,$ $v,$ $\epsilon$ . $\langle\delta u_{r}^{2}\rangle\propto r^{2/3}$




1:(a) $\langle\delta u_{r}^{2}\rangle/u_{K}^{2}$ $R=10^{3}\eta$ $\delta u_{r,R}^{2}/u_{K,R}^{2}$ . $(b)\langle u(x+r)u(x)\rangle/(u^{2}\rangle,$ $(v(x+$




2: $\delta u_{10\eta_{R},R}^{2}/u_{K,R}^{2},$ $\delta u_{1\infty\eta_{R},R}^{2}/u_{K,R}^{2},$ $\epsilon_{R},$ $v_{R}^{2}$ . (a) . (b)
Flatness. (c) Skewness. $R/\eta$ .
3
$R$ . Oboukhov [7] .
:
$\epsilon_{R}=\frac{1}{R}\int_{x-R/2}^{x+R/2}\epsilon(x’)dx’$, (3)
$\delta u_{r,R}^{2}=\frac{1}{R-r}\int_{x-R/2}^{x+R/2-r}\delta u_{r}^{2}(x’)dx’$ . (4)
$v(x+r)v(x)_{R}= \frac{1}{R-r}\int_{x-R/2}^{x+R/2-r}v(x’+r)v(x’)dx’$ , (5)
$x$ . $\epsilon_{R}$ Kolmogorov
$u_{K,R}=(\nu\epsilon_{R})^{1/4}$ Kolmogorov $\eta_{R}=(\nu^{3}/\epsilon_{R})^{1/4}$ . $r=0$ $v(x+r)v(x)_{R}$
$v_{R}^{2}$ . la $\delta u_{r,R}^{2}/u_{K,R}^{2}$ $r/\eta_{R}$ .
3.1 $\delta u_{r,R}^{2}/u_{K,R}^{2}$
$\delta u_{r,R}^{2}/u_{K,R}^{2}$ . $R$ .
$r$ $1(1\eta_{R}$ $100\eta_{R}$ .
58
$r/\eta$ $r/\eta$
3: $\langle\delta u_{r,R}^{2}/u_{K,R}^{2}\rangle_{\epsilon}$. $\langle\delta u_{r}^{2}\rangle/u_{K}^{2}$ . $r=10\eta_{R}$ \langle $\delta u_{10\eta_{R},R}^{2}/u_{K,R}^{2}$
$\langle\epsilon_{R}\rangle_{\epsilon}/\langle\epsilon\rangle$ . $r=10\eta$ $\langle\delta u_{r}^{2}\rangle/u_{K}^{2}$ . (a) $R=10^{2}\eta$ . $(b)R=10^{3}\eta$ .
$r/\eta_{R}$ $r/\eta$ .
$\delta u_{r}$ U/ .
$\eta_{R}$ , $\delta u_{10\eta_{R},R}^{2}$ $\delta u_{100\eta_{R},R}^{2}$ .
$2a$ . $R$ $\delta u_{r,R}^{2}/u_{K,R}^{2}$
. $\delta u_{r,R}^{2}$ $u_{K,R}^{2}$ ,
.
$2b$ $2c$ $\ln(\delta u_{r,R}^{2}/u_{K,R}^{2})$ skewness flatness ( ). $R$
skewness flatness Gauss $0$ 3 . $\delta u_{r,R}^{2}/u_{K,R}^{2}$
3 ,
, . ,
$\delta u_{r,R}^{2}/u_{K,R}^{2}$ . $\epsilon_{R}$
$v_{R}^{2}$ ( ).
$R$ $10^{4}\eta$ , [3]. $R^{-1/2}$
( $2a$) . $\delta u_{r,R}^{2}/u_{K,R}^{2},$ $\epsilon_{R},$ $v_{R}^{2}$ skewness flatness Gauss $0$ 3
( $2b$ $2c$ : , , ). skewness flatness






Oboukhov [7] . Kolmogorov [1]
3Kolmogorov [9] 1962 .
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$\langle \mathcal{E}\rangle_{\epsilon}/\langle\epsilon\rangle$ $r/\eta$
4: (a) $\langle v_{R}^{2}\rangle_{\epsilon}^{1/2}/\langle v^{2}\rangle^{1/2}$ $\langle\epsilon_{R}\rangle_{\epsilon}/\langle\epsilon\rangle$ . Reynolds $15^{1/2}\langle v_{R}^{2}\rangle_{e}/(\nu\langle\epsilon_{R}\rangle_{\epsilon})^{1/2}$




, $\langle\epsilon\rangle/4,$ $\langle\epsilon\rangle/2,$ $\langle\epsilon\rangle,$ $2\langle\epsilon\rangle,$ $4\langle\epsilon\rangle$ $\epsilon_{R}$ .
3 $\langle\delta u_{r,R}^{2}/u_{K,R}^{2}\rangle_{\epsilon}$ . $r/\eta_{R}$ . $R$ $10^{3}\eta\simeq L_{u}$
( $3b$ ), $\langle\delta u_{r,R}^{2}/u_{K,R}^{2}\rangle_{\epsilon}$ $\langle\epsilon_{R}\rangle_{\epsilon}$ . 20 15
. $R$ $10^{2}\eta$ ( $3a$), $\langle\delta u_{r,R}^{2}/u_{K,R}^{2}\rangle_{\epsilon}$ ( $\epsilon_{R}\rangle_{\epsilon}$
.
, $R$ $L_{u}$ ,
. $L_{u}$
.
. $r$ $(r^{2}/\epsilon_{R})^{1/3}$ .
$r_{n}=r_{0}/2^{n}(n=0,1, \ldots)$ [6],
$\sum_{n=0}^{\infty}\frac{\gamma_{n}^{2/3}}{\epsilon_{R}^{1/3}}=\frac{1}{1-2^{-2/3}}\frac{r_{0}^{2/3}}{\epsilon_{R}^{1/3}}$ (6)
. , $R$ $L_{u}$
.
. , $\epsilon$ $r<L_{u}\sim$
( lb).
3.3 $\delta u_{r,R}^{n}/u_{K,R}^{n}$ ?








$4a$ $\langle v_{R}^{2}\rangle_{\epsilon}/\langle v^{2}\rangle$ $\langle\epsilon_{R}\rangle_{\epsilon}/\langle\epsilon\rangle$ . ,





. $\langle\epsilon\rangle\propto\langle v^{2}\rangle^{3/2}/L_{v}$ ${\rm Re}_{\lambda}\propto(\langle t^{2}\rangle^{1/2}L_{v}/\nu)^{1/2}$ .
$L_{v}\propto(v^{2}\rangle^{-1/2}$ ${\rm Re}_{\lambda}$ . ,
. $4b$ $\langle v(x+r)v(x)_{R}\rangle_{\epsilon}/\langle v_{R}^{2}\rangle_{\epsilon}$ . $(v_{R}^{2}\rangle_{e}$
, . $\int_{0}^{\infty}\langle v(x+r)v(x)_{R}\rangle_{e}dr/\langle v_{R}^{2})_{\epsilon}$
, , \langle $v_{R}^{2}$ .
5 $\delta u_{r,R}^{n}/u_{K,R}^{n}$ $\langle\delta u_{r,R}^{n}/u_{K,R}^{n}\rangle$ $\langle\delta u_{r}^{n}\rangle/u_{K}^{n}$ .
( $3b$ ) 4 $\epsilon_{R}$ $u_{K,R}$ $\eta_{R}$ ,
$\langle\delta u_{r,R}^{n}/u_{K,R}^{n}\rangle$ $\langle\delta u_{r}^{n}\rangle/u_{K}^{n}$ . $\epsilon_{R}$
.
. ${\rm Re}_{\lambda}\simeq 9000$






4 $R\sim<10^{2}\eta$ , $\langle\delta u_{r,R}^{\mathfrak{n}}/u_{K,R}^{n}\rangle$ $\langle\delta u_{r}^{n}\rangle/u_{K}^{n}$ .
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. 2 , 3 .
3 [6].
4
. $\delta u_{r}$ $u$
, $[4, 5]$ .
.
$\delta u_{r,R}^{2}/u_{K,R}^{2},$ $\epsilon_{R},$ $v_{R}^{2}$
( 2), $L_{u}$ $R$
( 3), Reynolds ( $4a$)
, .
[1] A. N. Kolmogorov, Dokl. Akad. Nauk SSSR 30, 301 (1941). Proc. R. Soc.
London Ser. A 434, 9 (1991).
[2] L. D. Landau and E. M. Lifshitz, Fluid Mechanics (Pergamon, London, 1959), Chap.
3; , 1 ( , 1970), 3 .
[3] H. Mouri, M. Takaoka, A. Hori, and Y. Kawashima. Phys. Fluids 18, 015103 (2006).
[4] A. A. Praskovsky, E. B. Gledzer, M. Y. Karyakin, and Y. Zhou, J. Fluid Mech. 248,
493 (1993).
[5] K. R. Sreenivasan and B. Dhruva, Prog. Theor. Phys. Suppl. 130, 103 (1998).
[6] P. D. Mininni, A. Alexakis, and A. Pouquet, Phys. Rev. $E74$ , 016303 (2006).
[7] A. M. Oboukhov, J. Fluid Mech. 13, 77 (1962).
[8] S. Chen, G. D. Doolen, R. H. Kraichnan, and L.-P. Wang, Phys. Rev. Lett., 74, 1755
(1995).
[9] A. N. Kolmogorov, J. Fluid Mech. 13, 82 (1962).
[10] L. D. Landau and E. M. Lifshitz, Statistical Physics, 3rd ed. (Pergamon, Oxford,
1979), Part 1, Chap. 12; , 3 ( ,
1980), 12 .
[11] J. Cleve, M. Greiner, and K. R. Sreenivasan, Europhys. Lett. 61, 756 (2003).
62
